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ABSTRACT
Nine novel poly (amide-sulfonamides) having general structures 1-3 shown
below, have been prepared utilizing low temperature solution polymerization.
Variously substituted dianilines containing preformed sulfonamide linkages
have been reacted with terephthaloyl chloride, isophthaloyl chloride and
sebacyl chloride to yield polymer structures 1, 2 and 3 respectively.
8
4rOr"!'"" iOi"h
-t- Oi-^tO"^
-4<Oj*"*iO'",!(D^5
X
la, 2a, 3a where R e
rv v *v
lb. 2b. 3b .here R jQt^jQl
15' %' ?t ""ere " " ~<CHA
Ill
Inherent viscosities of the prepared polymers ranged from 0.19 to 0.58.
In spite of low apparent viscosities, the polymers had film forming properties.
Clear, tough, flexible films were obtained from some of the prepared polymers,
in particular, polymers la, 2a and 3a.
Glass transition temperatures (T), determined by differential scanning
calorimetry, ranged from 84 to 247C. Thermogravimetric analyses of the
polymers showed that they have moderate thermal stability with weight losses
ranging from 12% to 35% at 350C.
Polymers are macromolecules composed of many hundreds or thousands
of atoms joined together. The arrangement of atoms is not random
since macromolecules consist of a large number of sub-group or
repeat unit of atoms joined together by covalent bonds. In this
work we are concerned with poly ( amide-sulfonamide) macromolecules
in which the repeat unit contains the characteristic amide (-CONH-)
and sulfonamide (-SO2NH-) linkages.
The objective of the present work was to synthesize and characterize
the novel poly (amide-sulfonamides) having the general structures
1, 2 and 3 shown below where R is 1,6-hexamethylene, 4,4'-oxydiphenylene,
and 3,3 '-sulfonyl diphenylene, respectively.
q 011 11
NH <( )>S-NH-R-NH-S-(( )>NH-C
0 0 8
c-J-
K J n
Nh ,Q^.NH-R-NH-S -Q-m jj-O-C-]--
0 0
0 0
I' II
NH-Q> S NH R NH S^^NH C (CH^ C -^
0 b 0 0
where R = (q^
wnere R = ---@~
These polymers are expected to have good thermal and oxidative
stability as well as good mechanical properties.
The first polyamide was prepared by Piutti in 1883 from
m-aminobenzoic acid, shown below. *
-f-cO-NH-L-
Lucks and Von Braun prepared linear polyamides from aminocaproic
acid and aminoheptanoic acid, shown below respectively, in 1906-1908. ^
C (CH^NH-4 _ C (CH2)6-NH-]
0
n
0 n
In 1928, W. H. Carothers began research into basic polymerization
reactions which led to the first commercial production of synthetic
fibers from polyamides and polyesters.2 Carothers, in 1935, synthesized
a high molecular weight polyamide by reacting hexamethylene diamine
with adipic acid. The product of this reaction is commonly known
as Nylon 66. Carother's research provided the basis for the preparation
of some well known polyamides.
n H2tf-(CH2)6 -NH2 +n H00C -(CH2)4- COOH
J
NH -(CH2)6 -NH C
-(CH2)6- jjj + 2n K20
0 0 J n
(nylon 66)
3As a material, polyamides can be used both as fibers and as
plastics. They are generally characterized by high strength, elasticity,
toughness, good mechanical and thermal properties.
Wholly aromatic polyamides show greater thermal stability
than aliphatic polyamides, due to the fact that aromatic rings
are rigid and are inherently more stable than aliphatic hydrocarbon
chains.
Polyamide properties are influenced by various features of
the chemical structure such as inter- and intramolecular hydrogen
bonding of the amide group (illustrated below), the symmetry of
the benzene ring, and the chain stiffening resulting from conjugation
of the carbonyl groups with the ring.
/
- o=cN /
N-H 0 = C /
/ H-H 0=C
R NN-H-
R
Polyamides can be synthesized by the reaction of a diamine
with a dicarboxylic acid or its derivative, such as a diacid chloride,
using melt, solution or interfacial polymerization techniques.
Solution polymerization is a single phase polymerization whereby
the diamine is dissolved in a solvent and the diacid is added to
it. Interfacial polymerization is a two phase polymerization whereby
the diamine is dissolved in an aqueous solution and an immiscible
4organic solvent containing the diacid is added to the diamine solution,
resulting in a reaction occurring at the interface of the phases.
Polymer melt polymerization is carried out by heating a monomer
above its melting point in an air free atmosphere to produce the
polymer.
Polyamides have many industrial uses because of their superior
properties. They are used as fibers in tire cords, textiles, rope,
thread, heat resistant textiles, electrical insulators and as plastics
in high impact gear wheels, shoe heels and electrical insulators.
The properties of Nylon 66 are listed below.
Properties of Nylon 66 3
tensile strength, (lb/in.2) 12. 5x10
3
elongation at break, % 40-80
Compressive strength, (lb/in.2) 1. 60x10
3
shear strength, (lb/in.2)
9.5x10s
Melting point "C 264
volume resistivity, (ohm-cm) dry 1014
In 1966 Nishizakin and Fukami synthesized poly-
(4,4' -oxydi-
phenyleneterephthalamide ) 4a and poly-(4,4'-oxydiphenyleneisoph-
thalamide 4 by reacting 4,4' diaminodiphenyl ether with terephthaloyl
chloride and isophthaloyl
chloride.4 The synthetic equation is
illustrated on the following page.
H_.N NH.,
CI C^^C CI
v u
-B--0O-s-^s9r f-O-^O^s-O-si
4
4a
The thermal stability of both aromatic polyamides 4a and 4
was measured by thermogravimetric analysis at a heating rate of
3C/min. in air. Polyamides 4a and 4 showed an initial weight loss
of 3% above 70C, due to adsorbed water, and decomposed slowly
above 250C. Polyamide 4 lost 16% by weight at 350C and polyamide
4a lost 13% by weight at 350C.4 Both polyamide 4a and 4 degraded
almost completely below 500C. Melting points of 4a and 4 as determined
by differential thermal analysis, were 376CC and 398C respectively.4
The polyterephthalamide 4a was shown to be highly crystalline by
x-ray diffraction whereas polyisophthalamide 4 was not.
These results are not surprising for aromatic polyamides 4a
and 4. The aromatic rings in the polymer backbone impose rigidity
to the polymer system. The aromatic rings, the conjugation between
the amide group and the rings as well as the strong chemical bond
of the amide group provide good thermal stability in the polymers.
The ether linkage enhances the flexibility of the polymer backbones.
The symmetry of the benzene ring in terephthaloyl chloride enables
the linear chains of poly-4, 4 '-terephthalamide to line up and pack
efficiently producing a high degree of crystallinity within the
polymer. The non-symmetry of the benzene ring in isopthaloyl chloride
provides a kink in the polymer backbone of poly-4, 4 '-isophthalamide
which prevents the linear chains from efficiently packing, resulting
in a non-crystalline polymer.
Polysulfonamides
Aromatic polysulfonamides are generally prepared by interfacial
or solution polymerization of aromatic diamines and aromatic
disulfonyl chlorides.
The first polysulfonamide, which was of low molecular weight,
was reportedly prepared in 1943 by Berchet from aromatic disulfonyl
chlorides and aliphatic and aromatic diamines in organic solvents.
Excess diamine or another base was used as the hydrogen chloride
acceptor^, shown below.
CI 02SA^ S02 CI ? H2N -<CH2)10-HH2
-_j-02ST^f S02 NH-(CH2)10-NH-j-^
In 1944, Murahashi and Takizawa obtained low molecular weight
polymers when aliphatic disulfonyl chlorides were treated with
hexamethylene diamine in water or in pyridine as illustrated
below.6
CI 02S (CH2)6 S02 CI + H2N (CH2)6 NH2
1
-4- 0_,S-(CH2)6-S02-NH-(CH2)^NH-J
High molecular weight polysulfonamides were synthesized in
1959 by Sundet, Murphey, and Speck. The reaction of 1,6-hexamethylene
diamine with 1 ,3-benzenedi sulfonyl chloride produced poly
(hexamethylene-1 , 3-benzenedisulfonamide ) shown below.7
CI 02S '^XS02 CI + H2N (CH2)6 NH2
^
"t 02STf^TS02 NH {CH2]6 HH J"
This polymer had an inherent viscosity of 1.34, determined at 30C
in sulfuric acid.
Wholly aromatic polysulfonamides with high molecular weight
were prepared by Imai, Ueda, and Iizawa in 1976 from di-1-benzo-
triazolyl disulfonate and 4,4'-oxydianiline as illustrated below.8
N^N-0-S02^Q>-0-^r.S02.0-N N ? H-N NH.
I
E-2s-O-0-O-s02-nh-O--O""hJr + 2
Aromatic polysulfonamides can be spun into fibers and cast
into films. They are generally characterized by high strength,
elasticity, toughness, good mechanical and thermal properties.
Various aromatic polysulfonamides were synthesized in 1979
by Imai, Ueda, and Iizawa using the general reaction scheme shown
on the following page.9
CI 02S-AR-S0_ CI
*-~o- NH.
_-@-r0-*H
-[-02S-AR-S0_
NH-(0-0-Q)-NH^-
^0,S-AR-S0rNH^-CH2-Q^NH^--
Polymer 5a where AR
5b AR
6b AR
5c
5d
AR
AR
.
_\_0-0-
and poiyn,er
~
where ar " -@~~@~
0
AR =
5e
H3C
^ CH3
10
The thermal stability of the aromatic polysulfonamides 5a-5e
and 6a-6b was measured by thermogravimetric analysis at a heating
rate of 5C/min in air and nitrogen. An initial weight loss was
recorded at 320C with a 10% weight loss recorded between 345bC-400C
in nitrogen or oxygen. Some of the aromatic polysulfonamides had
glass transition temperatures of 120-155CC, determined by thermo-
mechanical analysis in helium. The thermal data is summarized in
Table I.
Table I;
Thermal decomposition temperature of Aromatic Polysulfonamides
Decomposition Temperature Ca
Glass transition
temperature
Polymer air Nitrogen Cb
5a 360 380 135
6a 345 385
5b 380 400
5c 395 395
5d 375 380 120
6b 365 380
5e 360 380 155
a10% weight loss at the observed temperature by T.G.A.
bobserved by thermomechanical analysis in helium at a heating rate
of 10C/min.
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There were no significant differences in the thermal and oxidative
stability of polymers 5a-5e and 6a-6b observed by thermal gravimetric
analysis (T.G.A.). Wholly aromatic polysulfonamides show lower
thermal stability than structurally related polyamides. The reason
for this behavior is believed to be the low thermal stability of
the sulfonamide linkage.
Polysulfonamides, 5a-5e and 6a-6b, were soluble in acids,
such as sulfuric and trif luoroacetic acid, in bases such as 10%
sodium hydroxide and in electron donor solvents such as dimethyl
formamide. Sulfonamides are expected to be soluble in bases because
they are weak acids having ionization constants on the order of
10-10 to 10-11-
o 0 oe
g
- naun , _ l"1^ ** S N_J Na ^ + H,0
S-NH- + N OH I - s N-fi -? s = m-I Wa
0 o B
2
A characteristic of aromatic polysulfonamides, unlike their
structurally related aromatic polyamides, is that they are soluble
in common organic solvents such as acetone and tetrahydrofuran.
Thus aromatic polysulfonamides can be solution cast to give tough
transparent films.
Poly ( amide-sulfonamides )
Aromatic poly (amide-sulfonamides)
are generally characterized
12
by high strength, elasticity, toughness, good mechanical and good
thermal properties.
The first linear high molecular weight poly(amidesulfonamide)
was prepared by Murahashi and Takizawa in 1944. 6 They reacted an
aliphatic dicarboxylic acid, containing two sulfonamide linkages,
with an aliphatic diamine. The reaction scheme is shown below.
HOOC (CH2)5 NH 02S (CH2)n S02 NH (CH2)- COOH + HN (CH_J NH2
i
-[-C-(CH2)5-NH-02S-<CH2)-S02-NH-{CH2)-C-NH-(CH2)-NH-J.
0 0
" m
polymer number ;
7 where n * 6 and x = 6
8.where n - 10 and x ' 6
9,where n = 6 and x B 8
10 where n 10 and x B 8
Polymer 7 had a melting point of 186-188C. It was found to
be insoluble in hot acetic acid and ordinary solvents. The polymer
was soluble in bases, formic acid, and m-cresol. These high molecular
weight polymers were wet spun into fibers.
In 1972 Imai and Okunoyama synthesized aliphatic poly(amide-
sulfonamides) as well as the first wholly aromatic poly ( amide-sulfonamide)
which are shown
below.10 The various poly (amide-sulfonamides) were
synthesized by reacting p-chlorosulfony(benzoyl) chloride or m-chloro-
sulfonylbenzoyl chloride with various diamines, illustrated on
the following page.
13
H^N - R - NH^
C1 iS~^^i0 C1^^^^^J1 0C ^^S02 C1
Fnh s-O"50^ nh r~3t ~E"nh *Or s2
nh * R
~^
12 11
'<-'
11a, 12a where R (CA
lib, 12t> where R Cb~~ CH2 \3/
tQt
lie, 12e *" R" ""^!^-0-^_^-
11c, 12c where R
lid, 12d, where R* H.C^^j^CH^
All poly (amide-sulfonamides) lla-lle and 12a-12b were soluble
in a wide range of solvents such as formic acid, m-cresol, and
basic solvents. All polymers, except 11a and 12a, were insoluble
in acetone and ethanol. They were insoluble in hydrocarbons and
chlorinated hydrocarbons. Transparent and tough films of all polymers
were cast from a dimethylacetamide solution. Inherent viscosities
of all the polymers were measured at a concentration of 0.5g/dl
in N-methyl-2-pyrrolidone at 30C and resulted in viscosities ranging
from 0.44-0.80.
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Table II:
Polymer Melt Temperature (PMT) of structurally related
Polyamides, Polysulfonamides, and poly (amide-sulfonamides )
fX-AR-Y-(CH2)6}n
Polymer No.
13a
12a
14a
13b
11a
14b
AR PMTC
^ -CONH- -CONH- 198
^0 -S02NH- -CONH- 155
^a -S02NH- -CONH- 1B5-200
-Cr
-CONH- -CONH- 371
-o-
-S02NH- -CONH- 274
HO^
-S02NH- -S02NH- 245
The poly ( amide-sulfonamide) 11a had a lower melting temperature
than the corresponding polyamide 13b but a higher melting temperature
than the corresponding polysulfonamide 14b. Polymers 11a, 13b,
14b have higher P.M.T. than polymers 12a, 13a, 14a, due to the
presence of p,p'-linkages, which allows for efficient packing of
the macromolecular chains, thus a higher degree of crystallinity,
vs. m,m'-linkages.
Thermal behavior of polymers lla-lle and 12a-12c was evaluated
by thermogravemetric analysis (T.G.A.) using a heating rate of
5C/min in nitrogen and air. Both aliphatic and wholly aromatic
poly(amide-sulfonamides) show a 5%-10% weight loss in the region
of
320-360C.10 No differences were observed in an air or nitrogen
15
atmosphere.
The literature data concerning thermal stabilities of polyamides,
polysulfonamides, and poly (amide-sulfonamides ) is confusing. It
has been stated that the order of thermal stability is polyamide
> poly (amide-sulfonamide) > polysulfonamide. However as seen in
Table III there is very little difference in the decomposition
temperature observed at a 10% weight loss and a heating rate of
5C/min.
Table III: Thermal characterization of structurally related Polyamides,
Polysulfonamides and Poly (amide-sulfonamides ) .
Polymer
Decomposition Temperature3
C
Polyamide
j0l,4"*0s^dr
Polysulfonamide
4-*--"-V^1"^- 375 9
4
Poly ( amide-sulfonamide )
NK-02S. c4_ 385
10
determination in an air atmosphere using a heating rate of
5cC/min, with a 10% weight loss.
bdetermination in air atmosphere using a heating rate of
3cC/min, with a 16% weight loss.
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OBJECTIVES
The purpose of this research was to synthesize and characterize
novel poly (amide-sulfonamides) 1, 2 and 3 where -R- is 4,4'-diphenyl
ether, 3 ,3 '-diphenyl sulfone, and 1,6-hexane, respectively.
0
NH <{ )>S-NH-R-NH-S-<( )> NH C
0 0
1
NH
o o
2
NH
i
la, 2a, 3a wnere R
*v *v* /-v
lb, 2b, 3b where R
<sy ~ ^
I
c-U
J n
O-WO" \&fk
o o
SNHRNHS-0-NH|l(CH2iS
8 !w 0 0
jOufr
lc, 2c. 3f, -.ere R _(CH2)6-
17
A total of nine poly (amide-sulfonamides) would be synthesized
and characerized by dilute solution viscosity, infrared spectroscopy,
thermal gravimetric analysis and differential scanning calorimetry.
The structures vary from those that are wholly aromatic to those
containing aliphatic hexamethylene units.
Prepared poly (amide-sulfonamide) material would be film casted
and films would be evaluated as membranes for ultrafiltration and/or
reverse osmosis.
Polymeric structures such as 1, 2 and 3, as indicated in pre-
viously reported research, should have moderate thermal stability
and have some unique properties.
18
DISCUSSION OF RESULTS
The strategy for the synthesis of the title polymers involved
(1) the synthesis of a diacetanilide containing preformed sulfonamide
linkages (2) a deblocking reaction converting the diacetanilide
to a dianiline monomer containing preformed sulfonamide linkages
and (3) the solution polymerization of the dianiline monomers with
various dicarboxylic acid chlorides to give poly ( amide-sulfonamides ) .
Synthesis of the novel diacetanilides was attempted by reacting
various diamines with N-acetyl sulfanilyl chloride using glacial
acetic acid as a solvent and anhydrous sodium acetate as an acid
acceptor*. The diamines utilized in this synthesis were
4,4'
-oxydianiline, 3,3 '-sulfonyl dianiline and 1,6-hexamethylene
diamine to yield the following diacetanilides: 4,4'-[oxy bis (p-phenylene
sulfonamido)] diacetanilide 15; 4, 4* -[sulfonyl bis (m-phenylene
sulfonamido)] diacetanilide 16; and 4,4'-[l ,6-hexa-methylene bis
(p-phenylene sulfonamido)] diacetanilide 17, respectively. The
equation illustrating this reaction is shown below.
h^-r-nh, * i cv5rw*^3"S0^ C
J
0
Pyridine
-"] """"jO"""!
-O-O-je
&J& it
ftere R
here R
here it
(CHJ, 17
general reaction procedure A. Experimental section page 34,
19
Approximately 75% yields of crude products were obtained when
2:1 molar ratios of N-acetyl sulfanilyl chloride to diamine were
used. Thin layer chromatography analysis of the product showed
that it was a mixture containing unreacted N-acetyl sulfanilyl
chloride, the desired diacetanilide and a monoacetanilide. The
general structure of the monoacetanilide is shown below and results
from the 1:1 molar reaction of N-acetyl sulfanilyl chloride and
the diamine.
u v
NH ,
Attempts to purify the product by recrystallization were not
successful. It was believed that reaction conditions used, i.e.,
poor mixing and high reactant
concentrations caused the formation
of mixtures.
Reaction conditions were changed in order to minimize the
formation of mixtures. The solvent was changed to
tetrahydrofuran
in which both reactants were soluble.
Anhydrous pyridine was used
as an acid acceptor. Low
concentrations of reactants (large volumes
of tetrahydrofuran), order
of addition and mechanical stirring
which ensured good mixing
resulted in the formation of the desired
diacetanilide. Yields were relatively
high and ranged from 67-86%.
general reaction procedure B;
Experimental section page 35.
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Thin layer chromatography analysis showed that the diacetanilides
were contaminated with unreacted N-acetyl sulfanilyl chloride.
This contamination was slight and the diacetanilide could be purified
by recrystallization. The results of this reaction are summarized
in Table IV. The change in reaction conditions proved to be beneficial.
Table IV: Summary of the Reaction of N-Acetyl Sulfanilyl Chloride with
Various Diamines to Yield Diacetanilides.
Number Diamine-R-qroup tyield H.P. eC Rfa
15 "^-_7 %^^_>7 80 236-237 0.11
jOl-A16 Aj"- tc s^e^*" 86 274-275 0.14
(CHJ,
17 it 67 200-203 (crude) 0.18
T.L.C. conditions used were acetone; hexane; 6:4 by volume for 15 and
16, and thylacetate:aeetone; 9:1 by volume for 17. All chromatogrems
showed a contaminant spot at the origin corresponding to N-acetyl
sulfanilyl chloride.
The deblocking reaction of the diacetanilides 15 - 17 proved
to be straight forward with no complications. The diacetanilides
were refluxed with 6M hydrochloric acid with reaction times varying
from one to four hours to yield the dianiline monomers containing
the preformed sulfonamide linkages. Thus, diacetanilides 15, 16
and 17 were hydrolyzed to give 4,4'-[oxy bis (p-phenylene sulfonamido)]
dianiline, 20, 4,4'-[sulfonyl bis (m-phenylene sulfonamido)] dianiline,
21, and 4,4' -[1,6-hexamethylene bis (p-phenylene sulfonamido)]
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dianiline, 22, respectively. The equation illustrating this reaction
is shown below.
cV-"M'0,i NH * NH jO"""SCH.3
0
J 1 KCl/Na2 C032 Na2 C03
0 0
/"0""wH"*"^i""hh
where R - JQl.WvW^ 21
(CH2)6 22
where R
Thin layer chromatography was used to monitor the reaction
progress. Diacetanilide 15 was hydrolyzed in one hour and was the
only diacetanilide to go into solution during the reaction. Diacetanilides
16 and 17 required reaction times of four hours and did not go
into solution during the hydrolysis. Yields for this reaction varied
from 84 to 95%. Thin layer chromatography analysis showed two spots
corresponding to the desired dianiline monomer and unreacted N-acetyl
sulfanilyl chloride. The dianiline monomers 20 - 22 were purified
by recrystallization and column elution chromatography. The results
of this deblocking reaction are summarized in Table V.
22
W
in
i-i
e
<
c
ID
E
a
u
m
m
r>-
en
o
m
in
f\i o
m cm
O O
o
ON
r
o
cm
in
c
c
Q
H
Q
o
01
H
><
0
ID
0)
o
c
10
+1
0)
o
10
e
0
H
u
10
0)
OS
(0
>1
iH
o
ai
U
10
3
(0
>
0>
.-t
J3
a
V0 n
V v
. .
VO VO
m m
O
V
M
10
H
3 *J
u B
iH 3
<o 0
u fa
KLH
a
u
o
fa
H
a
3
O
u
a
i
as
i
o>
c
H
e
10
o
vO
I-
I
in
CO
ON
en in
<-* oo
VO VO
a
10
-4
s -a
u c
M 3
10 0
U fa
CM
m
vo
i
VO
CO
v r
vD vO
CO **
VO en
o o
V) m
o
0)
4J
10
3 a
0 c
F-t 3
a O
u fa
00
CM
CM
I
n
CM
CN
m
en
o1.
0
3
SI
o
>l
Xl
CO
CM
*
0>
+J
(0
4->
0)
u
(0
rH
><
*J
c
c
c c
* -H
0) tn
O -H 01
<0 -i E
0 3
"O rt
C 1) 0
10 JC >
P
* >1
N\io
XI
m
O *J ..
10 Q,
m
.
"
O u
01
c 4J
1- a
0 c
<W -H .
E H
01 (0 0
E 4J B
3 C ID
*4 0
0 u 4J
> o>
u
>. O E
c O
* u
v E VM
VC 0 "O
01
* T3 N
01 0) H
C * fH
a 0 H
x c. a
0) a u
i
.. n >i
0) E iH
C 10 u
0 u 01
4J Of h
0> 0
U 4J (0
10 10 +J
E o
0 3
a u o
j: 0
co (j u
3 a
iH
W ~l VfcJ
e < 0
O
H <n
P CMJ
-H CVi\
M
C
o H
c u O
0 O a
O <u
CP
01 c
O E H
t 3 +J
-J -4 i l
0 01
t* > z
i3 10
23
Thermal gravimetric analysis showed that the diamines were
retaining 5-14% water or solvent by weight. Diamine samples were
dried in vacuo over Phosphorous pentoxide and refluxing toluene
for several hours before they were sent for elemental analysis
or used for polymerization reactions. The observed elemental analyses
correspond favorably to the calculated values as can be seen in
Table V.
Infrared spectra were taken of the dianiline monomers as KBr
pellets. Absorptions at 3480 cm-1 and 3380 cm-1 confirm the presence
of the primary amino group and the lack of an absorption at 1680
cm~l confirms that the hydrolysis of the acetyl group was successful.
Nine novel poly (amide-sulfonamides) having the general structures
1-3 shown below, have been synthesized utilizing low temperature
solution polymerization techniques. Dianilines 20, 21, and 22,
containing preformed sulfonamide linkages, were reacted with terephthaloyl
chloride (R'), isophthaloyl chloride (R' ) and sebacyl chloride
(R') to yield polymer structures 1, 2 and 3 respectively.
24
vO^HO8
NH_. + Cl-C-R'-C-Cl
II II
0 0
I
4-"tH"^'"il
+ oH^A^
.Or,-iO-i,Brti+:
x
U, 2b, 3a there R
/v *w ?w
lb. 2b, 3b where R
! fc & ""er R
*
(ch2)6
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The reactions are classified as step growth
polymerizations11
and are characterized by
(1) The reaction takes place at the functional site on the monomer.
(2) Generally a small molecule is eliminated each time two functional
groups react.
(3) Monomers disappear early forming low molecular weight Intermediates.
(4) The molecular weight of the polymer rises steadily throughout
the reaction.
High molecular weight polymers can be achieved only if the following
requirements are met: (a) high monomer purity, (b) an exact equivalence
of functional groups, (c) high reaction conversion and (d) an absence
of side reactions.
Polymerizations were carried out using (1) pure dianiline
monomers, which showed one spot when analyzed by T.L.C., (2) anhydrous
N,N'
-dimethyl acetamide and tetramethylene sulfone as solvents,
which were distilled from calcium hydride under reduced pressure
and stored over molecular sieves, (3) dry apparatus dried for several
hours at 115C and assembled while hot, (4) anhydrous pyridine
as an acid acceptor and (5) reaction temperatures varying from
-5 to 25CC. Initial polymerizations using the above conditions
produced polymeric materials which were brittle. Dilute solution
viscosities of these materials ranged from 0.09 to 0.20.
Because of the low viscosities obtained it was suspected that
one or more of the requirements for achieving a high molecular
weight polymer was not met. Requirements suspected of not being
met were monomer purity and an absence of side reactions. A possible
side reaction can occur between the dianiline monomers and the
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N,N-dimethyl acetamide solvent. This possiblity was eliminated
U *- Ar* N CH4
by carrying out the polymerization reactions in tetramethylene
sulfone, a solvent not known to react with amines. Polymerizations
in this solvent produced materials which had low viscosities. Purity
of the dianiline monomers were then suspect. Thermal gravimetric
analyses of the dianiline monomers 20, 21 and 22 showed 4 to 11%
solvent entrapement which was caused by the ability of the polar
sulfonamide group to retain solvent. This solvent entrapement is
more than enough impurity to prevent formation of high molecular
weight material.
A second series of polymerizations were carried out using
dianiline monomers which were purified by column elution chromatography
and rigorously dried to ensure purity and functional group equivalence
before they were reacted. The prepared polymers were characterized
by infrared spectroscopy, dilute solution viscosity, differential
scanning calorimetry and thermogravimetric analysis. Their properties
are summarised in Table VI.
The infrared spectra obtained for the prepared polymers are
consistent with the poly (amide-sulfonamide) structures. All showed
absorptions at 3200-3500 (broad) and 1650-1680
cm"1 corresponding
to amide sulfonamide N-H stretching and the amide carbonyl absorption
respectively.
Inherent viscosities of the prepared polymers ranged from
0.19 to 0.58 and were determined in N,N-dimethyl acetamide at 25C
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Table VI:
Inherent Viscosities, Thermal Gravimetric Analyses, and Differential
Scanning Calorimetry Analyses of the prepared Poly (amide-ulfonamides)
Polymer Ninh
T.G.A.b
Tc^C
J o
-r""O"}"*"O~0"O-,"|"O""iOs"hr It *58 4 247
-{-l-'^-'-O-^i'O-'J'^j-^r 2a 0.40 4 242
-h-Qj-^O-^CHJO-i^i-i-r 3a 0.32 29 157
lb 0.26 6 218
2b 0.30 3 214
-t-*"Oj*^*i''jO"".(c,i.c"3-r ^ *33 24 123,5
I J-* _* . i lc 0.23 18 1274. *-Qp-(_>.-jO-jO.
4-Op-^ieiO-i-^l-Jr ~ '19 14 132
0 0
Determined in N,N-dimethyl acetamide at 25C and a concentration of
0.5g/dl.
Percent weight, loss corrected for solvent entrapement, at 350'C
in nitrogen at a heating rate of 10C/min.
c0bserved by differential scanning calorimetry at a heating rate
of 20'C/nin. in nitrogen.
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using concentrations of 0.5 g/dl. In spite of the low apparent
viscosities, the polymers had film forming properties. Clear tough
flexible films were obtained from polymers la, 2a, and 3a, all
containing 4,4 '-oxydiphenylene, have inherent viscosities of 0.58,
0.40, and 0.32 respectively. Polymers lb, 2b, and 3b, all containing
3,3 '-sulfonyl diphenylene, have inherent viscosities of 0.26, 0.30,
and 0.33 respectively. The inability of polymers lb, 2b, and 3b
to form flexible films can be attributed to both their low viscosity,
which is an indication of low molecular weight, and the rigidity
imposed by the sulfonyl group. Polymers lc, 2c, and 3c, all containing
the 1,6-hexamethylene unit, have inherent viscosities of 0.23,
0.19, and 0.19 respectively. The inability of polymers lc, 2c,
and 3c to form flexible films can be attributed to their low viscosities.
Glass transition temperature (Tg) is the temperature at which
a polymer changes from a hard brittle material to one which takes
on rubber-like properties. The glass transition temperature is
a measure of the ease of torsion of the backbone bonds. Glass transition
temperatures of the prepared polymers were determined by differential
scanning calorimetry and ranged from 84 to 247C.
The glass transition temperature is highly dependent on the
structure of the polymer and the ability of the macromolecular
chains to undergo ordering.
The terephthalamide polymers la, lb, and lc show a decrease
in To from la to lc. Glass transition temperatures of 247, 218
and 127C were observed for polymers la, lb, and Ijc respectively.
Polymer la, containing the 4,4 '-oxydiphenylene unit, showed the
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highest Tg of the polymer series. This was due to the symmetry
of the benzene rings which have p,p' linkages allowing the polymer
to undergo a high degree of ordering and a large number of the
aromatic rings in the polymer backbone increasing the torsion of
the backbone bonds, thus increasing the Tg. The corresponding polymer
lb, containing the 3,3 ' -sulfonyldiphenylene unit, had a Tg of 218CC.
Polymer lb had a lower Tg than polymer la which is caused by the
non-symmetry in the benzene rings of 3,3 '-sulfonyldiphenelene.
This non-symmetry decreases the ability of polymer lb to undergo
ordering. Polymer lc, containing the aliphatic 1,6-hexamethylene
chain, had a Tg cf 127C. Polymer lc had the lowest Tg of the polymer
series because the aliphatic chain in the polymer backbone allows
a decrease in torsion of the backbone bonds.
The isophthalamide series 2a, 2b, and 2c show the same decrease
in Tg as observed in the terephthalamide series. Glass transition
temperatures of 242, 214 and 132C were observed for polymers 2a,
2b, and 2c respectively. Polymer 2a, containing the 4, 4' -oxydiphenylene
unit, showed the highest Tg of the polymer series. This was attributed
to the polymer having only one non-symmetric benzene ring, still
allowing the polymer to undergo a fairly high degree of ordering.
A non-symmetric 1,3-linkage is present in the isophthaloyl chloride.
The corresponding polymer 2b, containing 3,3 '-sulfonyldiphenylene
unit, had a lower Tg than polymer 2a. The lower Tg observed in
polymer 2b is caused by the non-symmetry in the benzene rings of
3,3 '-sulfonyldiphenylene and in the 1,3 linkage of isophyhaloyl
chloride. Polymer 2c, containing the aliphatic 1,6-hexamethylene
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chain, had the lowest Tg cf the polymer series because the aliphatic
chain in the polymer backbone causes a decrease in torsion of the
backbone bonds.
The sebacamide series 3a, 3b, and 3c show the same decrease
in Tg as observed in both the terephthalamide and isophthalamide
series. Glass transition temperatures of 157, 124, and 84 GC were
observed for polymers 3a, 3b, and 3c respectively. Polymer 3a,
containing the 4,4-oxydiphenylene unit, has the highest Tg in the
series. This is attributed to the symmetry of the benzene rings
in the polymer backbone which have p,p' linkages allowing the polymer
to undergo a high degree of ordering. Polymer 3b, which contains
3,3 '-sulfonyldiphenylene, has a lower Tg than polymer 3a. The non-symmetry
in the benzene rings of 3,3 '-sulfonyl diphenylene present in the
backbone decrease the order and the Tg of the polymer. Polymer
3c, containing the aliphatic 1,6-hexamethylene chain, has the lowest
Tg in the series and among all of the polymers. The low Tg can
be attributed to the presence of two aliphatic chains, hexamethylene
and octamethylene units, within the backbone of the polymer which
decrease the torsion of the backbone bonds.
The thermal stability of the prepared poly (amide-sulfonamides)
was measured by thermogravimetric analysis at a heating rate of
10C/min. in nitrogen. All prepared poly (amide-sulfonamides) showed
a 4 to 12% weight loss at low temepratures which was attributed
to the loss of entraped solvent. The thermogravimetric data of
the prepared polymers is summarized in Table VI. The individual
T.G.A. curves for poly (amide-sulfonamides) la (figure 16), 2a (figure
17), 3a (figure 18), lb (figure 19), 2b (figure 20), 3b (figure 21),
y_
="
s*^ ~>* **"
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l (figure 22), 2c (figure 23), and 3c (figure 24) can be found
in the appendix.
The terephthalamide polymers la, lb and lc show a percent
weight loss of 4, 6, and 18% respectively. The percent weight loss
for polymers la and lb, containing the 4,4 '-oxydiphenylene and
3,3 'sulfonyldiphenylene units respectively are very close. These
results are not surprising because polymers la and lb have such
?"%* ^*w*
similar structures. Polymer lc, containing the aliphatic 1,6-hexamethylene
chain, showed the largest percent weight loss of the series. Polymer
lc had the lowest thermal stability in the series because the aliphatic
chain in the polymer backbone has an inherently lower thermal stability
than the 4,4 '-oxydiphenylene and 3,3 '-sulfonyldiphenylene units
in polymers la and lb respectively.
The isophthalamide series 2a, 2b, and 2c show the same order
of decrease in thermal stability as observed in the terephthalamide
series. Percent weight losses of 4, 3, and 14 were observed for
polymers 2a, 2b, and 2c respectively. The percent weight loss for
polymers 2a and 2b, containing the 4 , 4
'
-oxydiphenylene units and
3,3'
-sulfonyl-diphenylene units respectively are very close. These
results are not surprising because polymers la and lb have such
similar structures. Polymer 2c, containing the aliphatic 1,6-hexamethylene
chain, showed the largest percent weight
loss of the polymer series.
Polymer lc had the lowest thermal stability in the series because
the aliphatic chain in the polymer backbone has an inherently lower
thermal stability than the 4,4
'-oxydiphenylene and 3,3 '-sulfonyldiphenylene
units in polymers 2a and 2b respectively.
The sebacamide polymer series 3a, 3b, and 3c show a percent
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weight loss of 29, 24, and 12% respectively. The percent weight
loss polymers 3a and 3b, containing the 4,4 '-oxydiphenylene and
3,3 '-sulfonyldiphenylene units respectively are close. Again, these
results are not surprising because polymers 3a and 3b have such
similar structures. Polymer 3c, containing the aliphatic 1,6-hexamethylene
chain and octamethylene chain, has the highest thermal stability
in the polymer series. This result is quite surprising, because
the aliphatic chain in the polymer backbone should cause polymer
3c to have the lowest thermal stability. Although polymer 3c has
the highest thermal stability in the series at 350C it has the
lowest thermal stability at 390C. At 390C polymer 3a, 3b, and
3c show a percent weight loss of 37, 37, and 50% respectively.
Conclusion
Nine novel poly (amide-sulfonamides) have been prepared and
characterized. Poly (amide-sulfonamides) la, 2a, and 3a, containing
the 4,4 '-oxydiphenylene group, showed the best chemical and physical
properties. They formed clear, tough, flexible films. These materials
are potential membrane candidates for ultrafiltration and reverse
osmosis and should be investigated further.
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EXPERIMENTAL
General Information
Elemental Analysis: Analyses were run by the Baron Consulting
Company, Orange, Connecticut. Diamine samples were prepared for
elemental analysis by drying in vacuo over phosphorus pentoxide
in a drying pistol with refluxing toluene.
Infrared Spectra : Spectra were run on a Perkin-Elmer 681
Spectrophotometer. The peaks were reported in wave numbers (cm-1)
with intensity notations of (VS), (S), (M), (W), and (VW) for very
strong, strong, medium, weak, and very weak respectively. The Infrared
spectra of all solids were run as potassium bromide pellets.
Melting Points: Melting points were determined on a Mettler
FP-5 with a polarizing microscope attachment.
Viscosities: Inherent viscosities of dilute poly (amidesulfonamide)
solutions, concentration 0.5 g/100 ml in N,N-dimethyl acetamide,
were determined in an Ubelode viscometer at a constant temperature
of 25C.
Reagents and Solvents: Reagent grade chemicals and solvents
were purchased from the Aldrich Chemical Company or the Eastman
Kodak Company and were used without further purification unless
specified. N,N-Dimethylacetamide and tetramethylene sulfone were
distilled from calcium hydride under reduced pressure and stored
over molecular sieves.
Thermal Gravimetric Analysis (T.G.A.): Thermal gravimetric
analyses of poly (amide-sulfonamides) were determined on a Perkin-Elmer
TGS-2 Thermogravimetric Analyzer. Polymer samples were heated at
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a rate of 5 or 10C per minute in air or a nitrogen atmosphere.
Thin La_/er Chromatography Analysis: Thin layer chromatography
analyses were run on Eastman Chromagram silica gel sheets, with
fluorescent indicator.
Differential Scanning Calorimetry: Glass transition temperatures,
Tg, were determined on a Perkin Elmer DSC-4 Differential Scanning
Calorimeter.
Column Elution Chromatography : Column elution chromatography
was carried out using Woelm silica gel as the stationary phase
and ethyl acetate :hexane (7:3 by volume) as the mobile phase on
the diamine monomers.
General Procedure A for the Preparation
of Blocked Diamine Monomers :
Diamine (0.03 moles) and 60 mis of glacial acetic acid were
placed in a 500 ml round bottom flask fitted with a condenser,
thermometer, and magnetic stirring bar. The mixture was heated
to 100C. To this heated mixture (100-110C) , N-acetyl sulfanilyl
chloride, (17.53g, .07500 mole; 25% excess) was added. Sodium acetate,
6.152g (.07500 mole), was added to the reaction in 1/2, 1/4, 1/8,
1/8, and 1/4 molar portions every fifteen minutes. The reaction
mixture was heated for an additional 30 minutes after the final
addition of sodium acetate, cooled to room temperature, transferred
to a blender where it was mixed with water. The precipitate was
filtered and washed with cold acetic acid (2x, 75 mis), cold hydro
chloric acid (2X, 75 mis), and water. The washed precipitate
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was dried in vacuo, 23C, for several hours to give crude material.
General Procedure B for the Preparation
of Blocked Diamine Monomers:
N-acetyl sulfanilyl chloride, 23.36, 0.10 moles, 400 ml of
anhydrous tetrahydrofuran and 8.0 ml of pyridine were placed into
a 3-necked one liter round bottom flask fitted with a condenser,
mechanical stirrer and pressure equalizing addition funnel. This
mixture was heated to reflux. To this solution was added, dropevise
(2 drops/sec) over a period of four hours, a solution of 0.04000
moles of diamine in 200 mis of anhydrous tetrahydrofuran.
A viscous oil formed during the addition period. After the
addition period, the reaction was cooled and the tetrahydrofuran
was decanted from the oil. The oil was slowly poured with mixing
into a two liter beaker containing ice-water to form a precipitate.
The precipitate was filtered, washed with water and dried in vacuo
for several hours at 23C.
General Deblocking Procedure C for the Preparation of
Diamine Monomers
4, 4 '-[bis(p-phenylene sulfonamido)] diacetanelide and 40 ml
of 6M hydrochloric acid was added to a round bottom flask fitted
with a condenser and magnetic stirring bar. The mixture was refluxed
for one hour, cooled, and transfered to a beaker containing three
times the reaction solution volume, of water. The resulting solution
was made basic by small additions of sodium carbonate. The precipitate
formed upon neutralization was filtered, washed with water and
dried in vacuo for several hours at 25C.
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General Procedure D for the Preparation
of Poly (amide-sulfonamides)
All polymerization reactions were carried out using ultra
pure monomers, anhydrous solvents, and dry apparatus.
Diamine, lithium chloride, pyridine and tetramethylene sulfone
or N,N-dimethyl acetamide was placed in a 25ml round bottom flask
fitted with a drying tube and a magnetic stirring bar. The solution
was cooled to 5C and a stoichiometric amount of the diacid chloride
was added in one portion with stirring. The mixture was stirred
for one hour at 5C and three additional hours at room temperature.
The resulting solution was poured into 100 ml of water, with stirring
to produce a precipitate. The precipitate was filtered, washed
several times with water and dried in vacuo in a drying pistol
over phosphorus pentoxide with refluxing toluene.
Reaction of 4,4' -oxydianiline with N-Acetyl Sulfanilyl
Chloride to prepare 4,4'-[oxy bis (p-phenylene sulfonamido)]
diacetanilide 15:
Using general procedure A, 6.007g (0.0300 moles) of
4,4 '-oxydianiline was reacted with 17.52g (0.075 moles) of N-acetyl
sulfanilyl chloride to produce 13.38g, 77% yield, of blocked diamine
15. (M.P. 145-176%C.) Thin layer chromatography analysis of the
produce showed three spots. Purification of the crude product by
recrystallization was unsuccessful.
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Reaction of 3,3' Sulfonyl Dianiline with
N-Acetyl Sulfanilyl Chloride to prepare
4, 4 '-[sulfonyl bis (m-phenylene sulfonamido)] diacetanilide 16:
Using procedure A; 7.449g (0.03000 moles) of 3,3 '-sulfonyl
dianiline was reacted with 17.52g (0.07500 moles) of N-acetyl sulfanilyl
chloride to produce 16.58g, 86% yield, of 16. (M.P. 150-190C. )
Thin layer chromatography (TLC) showed three spots.
Reaction of P-sulfone Ether Diamine with N-acetyl
Sulfanilyl Chloride to prepare 4,4' [P-sulfone ether
diamine bis (P-phenylene sulfonamido)] diacetanilide 18:
Using general procedure A, 12.96g (0.03000 moles) of p-sulfone
ether diamine was reacted with N-acetyl sulfanilyl chloride (17.52g,
0.07500 moles) to produce 7.933g, 32% yield, of 18 (melting point
150-169C). Analysis of the product by TLC showed three spots.
Reaction of m-sulfone Ether Diamine with N-Acetyl
Sulfanilyl Chloride to prepare 4, 4 '-[m-sulfone ether
diamine bis (p-phenylene sulfonamido)] diacetanilide 19.
Using general procedure A, 12.96g (0.03000 moles) of m-sulfone
ether diamine was reacted with N-acetyl sulfanilyl chloride (17.52g,
0.07500 moles) to produce 15.85g, 64% yield, of 19 (melting point
150-160C). Analysis of the product by TLC showed three spots.
Reaction of 4, 4 '-Oxydianiline with N-Acetyl Sulfanilyl
Chloride to prepare 4,4'-[oxy bis (p-phenylene sulfonamido)]
diacetanilide 15:
Using general procedure B, 20.02g (0.1000 moles) of 4,4 '-oxydianiline
was reacted with 58.41g (0.2500 moles) of N-acetyl sulfanilyl chloride
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to produce 37.8g, 65% yield, of product 15, (melting point 214-218C).
Thin layer chromatography analysis of the product using ( acetone :hexane,
6:4 by volume) showed two spots having Rf values of 0.11 and zero
which corresponded to the desired product 15 and unreacted N-acetyl
sulfanilyl chloride respectively. The product was recrystallized
from a 50% ethanol -water mixture to give tan crystals, melting
point 236-237C. (See Figure 1 for Infrared Spectrum.)
Reaction of 3f 3 ' -Sulfonyl dianiline with N-Acetyl
Sulfanilyl Chloride to prepare 4. 4 '-[sulfonyl bis(m-phenvlene
sulfonamido)] diacetanilide 16:
Using procedure B, 24.83g (0.1000 moles) of 3,3 '-sulfonyl
dianiline was reacted with 56.08g (0.2400 moles) of N-acetyl sulfanilyl
chloride to produce 38.10g, 60% yield, of product 16, melting point
256-262C. Thin layer chromatography analysis of the product using
( acetone :hexane, 6:4 by volume) showed two spots having Rf values
of 0.14 and zero which corresponded to the desired product 16 and
unreacted N-acetyl sulfanilyl chloride respectively. The product
was recrystallized from a 50% ethanol-water mixture to give peach
crystals, melting point 274-275C. (See Figure 2 for Infrared Spectrum.)
Reaction of 1,6-Hexane Diamine with N-Acetyl-Sulfanilyl
Chloride to prepare 4, 4 '-[1,6-hexamethylene bis (p-phenylene
sulfonamide)] diacetanilide 17:
Using general procedure B, 11.62g (0.1000 moles of 1,6-hexane
diamine was reacted with 56.08g (0.2400 moles) of N-acetyl sulfanilyl
chloride to produce 33.50g, 67% yield, of product 17, melting point
221-226C. Thin layer chromatography analysis of the product using
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(ethyl acetate: acetone, 9:1 by volume) showed two spots having
Rf values of 0.18 and zero which corresponded to the desired product
17 and unreacted N-acetyl sulfanilyl chloride respectively. (See
Figure 3 for Infrared Spectrum. )
Deblocking of 15 to prepare 4,4' -[oxybis( p-phenylene
sulfonamido)] dianiline 20:
Using procedure C, 5.0g (0.0084 moles) of 4,4 '-[oxy bis (p-phenylene
sulfonamido)] diacetanalide 15 was deblocked with 40^ml 6 M hydrochloric
acid to produce 3.8g, 90% yield, of the diamine monomer 4,4 '-[oxy
bis (p-phenylene sulfonamido)] dianiline 20. Thin layer chromatography
analysis of the product 20 using an acetone :hexane solution, (5:5
by volume) showed two spots, having Rf values of 0.3 and zero which
corresponded to the monomer 20 and unreacted N-acetyl sulfanilyl
chloride respectively. The product was recrystallized using a 5:5
by volume ethanol:water solution to give tan crystals, melting
point 169.5-170C. Thin layer chromatography analysis of the monomer
20 using an acetone :hexane solution, (5:5 by volume) showed one
spot having an Rf value of 0.30 which corresponded to the monomer
20.
Elemental Analysis: Anal, calcd. for (C24 H2205 N4S2) C, 56.46;
H, 4.34; N, 10.97; S, 12.55
found - C, 56.43; H, 4.45; N, 10.75; S, 12.05
Infrared Spectrum :
3480 cm-ifS), 3380 cnT^S), 3270 cm^tS),
3060 cm"1**?), 1620 cnT^VS),
1590 cm-ifVS), 1495 cnT^VS), 1380 cnT^VS),
1380 cnT^M), 1305
cnT^VS), 1140 cm-ifVS), 1085 cnT^VS),
990 cnT^M), 890 cnT^M),
825 cm'it S), 680 cm"1^). (See Figure 4)
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Deblocking of 16 to prepare 4r*.-r.ifonvl bis (m-phpnv1pnp
sulfonamidon dianiline 21:
Using procedure C, 5.0g (.0078 moles) of 4,4 '-[sulfonyl bis
(m-phenylene sulfonamide)] diacetanilide 16 was deblocked with
40 ml 6M hydrochloric acid to produce 3.5g, 81% yield, of the diamine
monomer 4,4 '-[sulfonyl bis (m-phenylene sulfonamide)] dianiline
21. Thin layer chromatography analysis of the product 21 using
an acetone :hexane solution, (5:5 by volume) showed two spots, having
Rf values of 0.26 and zero which corresponded to the monomer 21
and unreacted N-acetyl sulfanilyl chloride respectively. The product
was recrystallized using an ethanol:water solution, 5:5 by volume
to give beige crystals, melting point 163. 8-164. 2C. Thin layer
chromatoghraphy analysis of the monomer 21 showed one spot, Rf
0.26.
Elemental Analysis: Anal, calcd. for (C24 H22 N4 S306).
C, 51.61; H, 3.97; N, 10.03; S, 17.22.
found - C, 51.68; H, 3.52; N, 9.92; S, 17.03.
Infrared Spectrum:
3480 cm_1(M), 3380 cm_1(M). 3260 cm-1(M), 3060 cm_1(W), 1620 cm-1(S),
1590 cm_1(VS), 1500 cm-1(S)f 1480 cm_1(S), 1400 cm"1^), 1315 cm-1(VS),
1170 cm_1(VS), 1080 cm_1(S), 990 cm_1(M), 940 cm-1(M), 820 cm_1(M),
670 cm_1(M). (See Figure 5)
Deblocking of 17 to prepare 4,4 '-[hexamethylene bis
(p-phenylene sulfonamido)] dianiline 22
Using procedure C, 5.0 g (.0098 moles) of 4,4 '-[1,6-hexamethylene
bis (p-phenylene sulfonamido)] diacetanilide 17 was deblocked
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with 100 ml of 6 M hydrochloric acid to produce 4.01g, 95% yield,
of the diamine monomer 4,4 '-[1,6-hexamethylene bis (p-phenylene
sulfonamido)] dianiline 22. Thin layer chromatography analysis
of the product 22 using an ethyl acetate:acetone solution, (9:1
by volume) showed two spots, having Rf values of 0.18 and zero which
corresponded to the monomer 22 and unreacted N-acetyl sulfanilyl
chloride respectively. The produce was recrystallized using an
ethanol .-water solution, 5:5 by volume to give white crystals, melting
point 223.10-223.8C. Thin layer chromatography analysis of the
monomer 22 showed one spot, with an Rf value of 0.18.
Elemental Analysis: Anal, calcd. for (C18 H26 N4 S2 02)
C, 50.68; H, 6.14; N, 13.13; S, 15.03
found - C, 50.91; H, 6.37; N, 13.20; S, 14.79
Infrared Spectrum:
3490 cm-1(M), 3380 cm_1(M), 3300 cm_1(M), 3140 cm-1(W). 2930 cm-1(M>'
2850 cm_1(M), 1640 cm-1(S), 1595 cnT^S), 1430 cm_1(W) 1300 cm-1(VS),
1140 cm-1(VS), 1085 cm-1(S). 825 cm-1(M), 675 cm_1(M). (See Figure 6)
Attempted Polymerizations of 4,4-[oxy bis (p-phenylene
sulfonamido)] dianiline (20) with terephthaloyl
chloride to prepare Poly(4,4'-[oxy bis (p-phenylene
sulfonamido)] p-phenylene terephthalamide) la
A. Using procedure D, and N,N-dimethylacetamide as the reaction
solvent, 0.2000g (0.0003917 moles) of diamine monomer 20 was
reacted with 0.07950g (.003917 moles) of terephthaloyl chloride
at a temperature of 25C to produce 0.2384g, 85% yield, of
poly (amide-sulfonamide) la, showing an inherent viscosity
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of 0.15. Thermogravimetric analysis showed a 20% weight loss
at 350C.
Infrared Spectrum:
A strong broad band at 3430-3000 cm-1 indicates the presence
of an amide and sulfonamide NH stretching. A strong absorption
at 1670 cm-1 indicates the presence of a secondary amide carbonyl.
B. Using procedure D, 0.2000g (0.0003917 moles) of diamine monomer
20 was reacted with 0.07950g (0.0003917 moles) of terephthaloyl
chloride at a temperature of 5C to produce 0.2595g, 93% yield,
of poly (amide-sulfonamide) la having an inherent viscosity
of 0.20. Thermogravimetric analysis showed a 16% weight loss
at 350C.
Infrared Spectrum:
A strong broad band at 3430-3000
cm-1 indicates the presence
of an amide and sulfonamide NH stretching. A strong absorption
at 1670 cm-1 indicates the presence of a secondary amide carbonyl.
C. Using procedure D and N,N-dimethylacetamide as the reaction
solvent, 0.2000g (0.0003917 moles) of diamine monomer 20 was
reacted with 0.0795g (0.0003917 moles) of terephthaloyl chloride
at a temperature of -5C to produce 0.2505g, 90% yield, of
poly (amidesulfonamide) la, having an inherent viscosity of
0.17. Thermogravimetric analysis showed a 16% weight loss
at 350C.
Infrared Spectrum:
A strong broad band at 3430-3000
cm-1 indicates the presence
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of an amide and sulfonamide NH stretching. A strong absorption
at 1670 cm"1 indicates the presence of a secondary amide carbonyl.
D. Using procedure D and tetramethylene sulfone as the reaction
solvent, 0.2500 g (0.0004897 moles) of diamine monomer 20
was reacted with 0.09940g (0.0004897 moles) of terephthaloyl
chloride at a temperature of 5C to produce 0.3208g, 94% yield,
of poly (amide-sulfonamide) la, having an inherent viscosity
of 0.10.
Infrared Spectrum:
A strong broad band at 3430-3000 cm-1, indicates the presence
of an amide and sulfonamide NH stretching. A strong absorption
at 1670 cm-1 indicates the presence of a secondary amide carbonyl.
E. Using procedure D and N,N-dimethylacetamide as the reaction
solvent, 0.2000g (0.0003917 moles) of diamine monomer 20 which
was purified by column elution chromatography, was reacted
with 0.07950g (0.00039 moles) of terephthaloyl chloride at
a 5C to produce 0.2640g, 94% yield, of poly (amide-sulfonamide)
la, having an inherent viscosity of 0.58. Thermogravimetric
analysis showed a 14% weight loss at 350C. Analysis by differential
scanning calorimetry showed a glass transition temperature
(Tg) of 247C.
Infrared Spectrum:
A strong band at 3430-3000
cm"1 indicates the presence of
an amide and sulfonamide NH stretching. A strong absorption at
1670 cm-1 indicates the presence of a secondary amide carbonyl.
(See Figure 7)
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Attempted Polymerizations of 4,4 '-[oxy bis (p-phenylene
sulfonamido)] dianiline (20) with isophthaloyl chloride to prepare
Poly(4,4'-[oxy bis (p-phenylene sulfonamido)]
p-phenylene isophthalamide) 2a.
A. Using procedure D and tetramethylene sulfone as the reaction
solvent, 0.2500g (0.0004897 moles) of diamine monomer 20 was
reacted with 0.0994g (0.0004897 moles) of isophthaloyl chloride
at a temperature of 5C to produce 0.3130g, 90% yield, of
poly (amide-sulfonamide) 2a, having an undeterminable inherent
viscosity.
Infrared Spectrum:
A strong broad band at 3430-3000 cm-1 indicates the presence
of an amide and sulfonamide NH stretching. A strong absorption
at 1670 cm-1 indicates the presence of a secondary amide carbonyl.
B. Using procedure D and N'N-dimethylacetamide as the reaction
solvent, 0.3500g (0.0006855 moles) of diamine monomer 20,
which was purified by column elution chromatography, was reacted
with 0.1392g (0.0006855 moles) of isophthaloyl chloride at
5C to produce 0.4200 g, 87% yield, of poly (amidesulfonamide)
2a, having an inherent viscosity of 0.40. Thermogravimetric
analysis showed a 17% weight loss at 350C. Analysis by differential
scanning calorimetry gave a glass
transition temperature (Tg)
of 242C.
Infrared Spectrum:
A strong broad band at 3430-3000
cm-1 indicates the presence
of an amide and sulfonamide NH stretching.
A strong absorption
at 1670 cm"1 indicates the presence of a secondary amide carbonyl.
(See Figure 8)
Attempted PolymPrization nf ^'-foxy bisfn-ph.nyT^
sulfonamide)] dianiTine (20) vnrh gBbacvl ch]nri-^ to prepare
Poly (4. 4 '-foxy ^(p-phenylene sulfonamido 11
p-phenvlene sebacvlamide ) 3a.
Using procedure D and N,N-dimethylacetamide as the reaction
solvent, 0.3500g (0.0006855 moles) of diamine monomer 20, which
was purified by column elution chromatography, was reacted with
0.1640g (0.0006855 moles) of sebacyl chloride at 5C to produce
0.4100g, 80% yield, of poly (amide-sulfonamide) 3a, having an inherent
viscosity 0.32. Thermogravimetric analysis showed a 35% weight
loss at 350C. Analysis by differential scanning calorimetry gave
a glass transition temperature (Tg) of 157C.
Infrared Spectrum:
A strong broad band at 3430-1000 cm-1 indicates the presence
of an amide and sulfonamide NH stretching. A strong absorption
at 1670 cm-1 indicates the presence of a secondary amide carbonyl.
(See Figure 9)
Attempted Polymerization of 4, 4 '-[sulfonyl bis
(m-phenylene sulfonamido)] dianiline (21) with
terephthaloyl chloride to prepare Poly-4, 4 '-[sulfonyl
bis (m-phenylene sulfonamido)] p-phenylene terephthalamide lb.
Using procedure D and N,N-dimethyl acetamide as the reaction
solvent, 0.200g (0.000358 moles) of diamine monomer 21, which was
purified by column elution chromatography, was reacted with 0.0727g
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(0.000358 moles) of terephthaloyl chloride at 5C to produce 0.150g,
55% yield, of poly (amide-sulfonamide) lb, having an inherent viscosity
of 0.26. Thermogravimetric analysis showed a 12% weight loss at
350C. Analysis by differential scanning calorimetry gave a glass
transition temperature (Tg) of 218C.
Infrared Spectrum:
A strong broad band at 3430-3000 cm-1 indicates the presence
of an amide and sulfonamide NH stretching. A strong absorption
at 1670 cm-1 indicates the presence of a secondary amide carbonyl.
(See Figure 10)
Attempted Polymerization of 4, 4 '-[sulfonyl bis (m-phenylene
sulfonamido] dianiline (21) with isophthaloyl chloride to prepare
Poly (4,4 '-[sulfonyl bis (m-phenylene sulfonamido)] p-phenylene
isophthalamide) 2b.
Using procedure D and N,N-dimethylacetamide as the reaction
solvent, 0.2500g (0.0004476 moles) of diamine monomer 21, which
was purified by elution chromatography, was reacted with 0.0909g
(0.0004476 moles) of isophthaloyl chloride at 5C to produce 0.3000g,
88% yield, of poly (amide-sulfonamide) 2b, having an inherent viscosity
of 0.30. Thermogravimetric analysis showed a 12% weight loss at
350C. Analysis by differential scanning calorimetry gave a glass
transition temperature (Tg) of 214C.
Infrared Spectrum:
A strong broad band at 3430-3000
cm-1 indicates the presence
of an amide and sulfonamide NH
stretching. A strong absorption
at 1670 cm-1 indicates the presence
of a secondary amide carbonyl.
(See Figure 11)
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Attempted polymerization of 4r4' -[sulfonyl bis (m-phenylene
sulfonamido] dianiline (21) with sebacyl chloride to prepare
Poly(4, 4 '-[sulfonyl bis (m-phenylene sulfonamido)] p-phenylene
sebacamide) 3b.
Using procedure D and N,N-dimethylacetamide as the reaction
solvent, 0.2500g (0.0004476 moles) of diamine monomer 21. which
was purified by column elution chromatography, was reacted with
0.1071g (0.0004476 moles) of sebacyl chloride at 5GC to produce
0.2170g, 62% yield, of poly (amide-sulfonamide) 3b, having an inherent
viscosity of 0.33. Thermogravimetric analysis showed a 27.5% weight
loss at 350C. Analysis by differential scanning calorimetry gave
a glass transition temperature (Tg) of 123. 5C.
Infrared Spectrum:
A strong broad band at 3430-3000 cm"1 indicates the presence
of an amide and sulfonamide NH stretching. A strong absorption
at 1670 cm-1 indicates the presence of a secondary amide carbonyl.
(See Figure 12)
Attempted Polymerization of 4, 4 '-[1,6-hexamethylene
bis (p-phenylene sulfonamido)] dianiline (22) with
terephthaloyl chloride to prepare Poly (4, 4 '-[1,6-hexamethylene
bis (p-phenylene sulfonamido)] p-phenylene terephthalamide) lc.
Using procedure D, and N,N-dimethylacetamide as the reaction
solvent, 0.2500g (0.0005962 moles) of diamine monomer 22 was reacted
with 0.1190g (0.0005862 moles) of terephthaloyl chloride at 5C
to produce 0.3101g, 84% yield of poly (amide-sulfonamide) lc, having
an inherent viscosity of 0.23. Thermogravimetric analysis showed
a 23% weight loss at 350C. Analysis by differential scanning
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calorimetry gave a glass transition temperature (Tg) of 127C.
Infrared Spectrum:
A strong broad band at 3430-3000 cm-1 indicates the presence
of an amide and sulfonamide NH stretching. A strong absorption
at 1670 cm-1 indicates the presence of a secondary amide carbonyl.
(See Figure 13)
Attempted Polymerization of 4,4' -[1,6-hexamethylene
bis (p-phenylene sulfonamido] dianiline (22) with Isophthaloyl
Chloride to prepare Poly (4, 4 '-[1,6-hexamethylene
bis (p-phenylene sulfonamido] p-phenylene
i sophthalamide ) 2c .
Using procedure D, and N,N-dimethylacetamide as the reaction
solvent, 0.2500g (0.0005862 moles) of diamine 22 was reacted with
0.1190g (0.0005862 moles) of isophthaloyl chloride at 5C to produce
0.3024g, 82% yield of Poly (amide-sulfonamide) 2c, having an inherent
viscosity of 0.19. Thermogravimetric analysis showed an 18% weight
loss at 350C. Analysis by differential scanning calorimetry gave
a glass transition temperature (Tg) of 132C.
Infrared Spectrum:
A strong broad band at 3430-3000
cm-1 indicates the presence
of an amide and sulfonamide NH stretching.
A strong absorption
at 1670 cm-1 indicates the presence of a secondary
amide carbonyl.
(See Figure 14)
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Attempted Polymerization of 4, 4 '-[1,6-hexamethylene
bis (p-phenylene sulfonamido)] dianiline (22) with sebacyl
chloride to prepare poly (4, 4 '-[1,6-hexamethylene bis (p-phenylene
sulfonamido)] p-phenylene sebacamide) 3c.
Using procedure D, and N,N-dimethylacetamide as the reaction
solvent, 0.2500g (0.0005862 moles) of diamine monomer 22 was reacted
with 0.1402g (0.0005862 moles) of sebacyl chloride at 5C to produce
0.3216g, 82% yield of Poly (4,4 '-[1,6-hexamethylene bis (p-phenylene
sulfonamido)] p-phenylene sebacamide 3c, having an inherent viscosity
of 0.19. Thermogravimetric analysis showed a 16% weight loss at
350C. Analysis by differential scanning calorimetry gave a glass
transition temperature (Tg) of 84c.
Infrared Spectrum:
A strong broad band at 3430-3000
cm-1 indicates the presence
of an amide and sulfonamide NH stretching.
A strong absorption
at 1670 cm"1 indicates the presence of a secondary
amide carbonyl.
(See Figure 15)
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(figure 16): T.G.A. curve of Polymer
u
a
E
<v
% weight loss
66
(figure 17): T.G.A. curve of Polymer 2a.
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(figure 18): T.G.A. curve of Polymer 3a.
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(figure 19): T.G.A. curve of Polymer lb.
% weight loss
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(figure 20): T.G.A. curve of Polymer 2b.
% weight loss
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(figure 21)
1 l!!!|-
T.G.A. curve of Polymer 3b.
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(figure 22): T.G.A. curve of Polymer lc.
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(figure 23): T.G.A. curve of Polymer 2c
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(figure 24): T.G.A. curve cf Polymer 3c.
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